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S p ecific r a bbit a ntibodies to type IV collagen isolated 
from a basem ent membrane producing mouse tumor 
wer e u sed in indirect immunofluorescence tes t s to study 
t h e thickened v ascular basement m embrane in skin biop-
sies from pat ie nts with erythropoietic porphyria (EPP) 
and from protoporphyric mice. In addition, rabbit ant i-
bodies to a non collagenous, basement membrane specific 
gl y coprotein also derived from the mouse tumor were 
tested. It w as shown that normal a s w e ll as altered 
vascular b asem emt membranes in both the human and 
t h e murine skin specimens react with the anti-type IV 
c olla g e n a nd the antigly coprotein antibodies. A partic-
ular s trong r e action in the dis eased skin indicated that 
forma tion of n e w vascular basement m embrane layers 
involves d e position of the major s tructural prote ins 
w hich als o cons titute normal basement m embrane mat-
r ices. 
L igh t exposed skin of pa tien ts with erythropoietic porphyria 
(EPP) is chal'acterized by a P AS -positive hyalinous material 
w hich encases dermal blood vessels a nd at the electron micro-
scopic level appears to be composed of multiple concen tric 
layers of basal la minae [1]. Basemem t membranes (BM) consist 
mainly of collagenous a nd noncollagenous proteins [2]. It has 
not yet been established whether pathologically altered BM 
s h ow a diffe ren t composition. So far most biochemical and 
immunological a nalyses of BM (type IV) collagen were limited 
to studies of normal tissues such as the lens capsule, th e 
Descement BM of the cornea [2] or the renal glom eruli [3]. BM 
collagen is solubilized from th ese sources by p roteolytic t reat-
men t. Recently a t ransplanta ble mouse tumor, the EHS (En-
gel b reth-H olm-Swarm) sar coma, which produces an extracel-
lu lar BM matr ix has been described as a convenient source of 
large a mounts of soluble collagenous a nd noncollagenous BM 
constituen ts [4,5]. Immunological studies have shown that the 
major constituents of the t umor matrix are ident ical with or 
closely resemble those formed in authent ic BM [5, 6] (Timpl et 
al, in preparation). 
Many previous studies have demonstrated that specific anti-
bodies against type I, II a nd III collagens and pro collagens are 
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useful tools for an immunohistological survey of pat hological 
cha nges in interstitial connective t issue [7]. Since well-charac-
terized a n tibodies to BM collagen [5,6] as well as to a major 
noncollagenous glycoprotein of BM (Timpl et al., in prepara-
tion) recently becam e available it was now possible to study 
the value of such an tibodies for characterizing pathological 
changes in BM. H ere, we describe the use of these an t ibodies 
in indirect immunoflu orescence tests (IIF) on altered vascular 
BM in huma n EPP and its experimental counterpart in griseo-
fulvin- treated mice. 
M ATER IALS AND M E THODS 
Patients 
Two patients with EPP (brother and sister, aged 8 and 12 years, 
respectively) exhibiting the typical waxy thickening and scarring in 
light-exposed skin areas were selected fo r the study. In both, the clinical 
diagnosis had been confIrmed repeatedly by laboratory examination, 
revealing red flu orescence of erythrocytes, markedly elevated levels of 
erythrocyte protoporphyrin (values up to 500 Jlg/ 100 ml packed eryth-
rocytes) and serum protoporphyrin (up to 1 Jlg/100 ml) . Biopsy speci-
mens obtained from the fac ial skin were snap-frozen in liquid nitrogen. 
Skin from normal, aged matched controls was obtained at autopsies. 
Animals 
Outbred albino mice of both sexes were rendered protoporphyric by 
feed ing with griseofulvin as described previously [8]. Photosensitivity 
flares were elicited by weekly irradiation with a glass-filtered blacklight 
source emitting a high proportion of 400- 410 nm light (Philips TL 40/ 
W 08 RS). Skin lesions were induced which were identical to EPP in 
their cl inical, light and electron microscopical appearance [9]. In brief, 
as early as after one week of feeding, the animals showed the charac-
teristic biochemical pattern of proto porphyria with massive erythrocyte 
fluorescence and high levels of erythrocyte protoporphyrins (mean 
value 1800 Jlg/100 m!) and serum protoporphyrins (mean value 470 Jlg/ 
100 mI) . Biopsies taken from the glabrous ears of 4 mice were ftxed in 
4% formahn, embedded in paraffin and processed for further investi-
gation. 
Preparation o( BM antigens 
T he procedures of the preparation of type IV collagen from mouse 
EHS sarcoma have been outlined in detail previously [5]. In addition, 
we prepared a BM speciftc glycoprotein by extracting the mouse tumor 
with 0.5 M NaCl, 0.05 M Tris-HCI, pH 7.4, and passing the extract over 
DEAE-cellulose which was equilibrated in 2 M urea, 0.05 M Tris-HCl, 
pH 8.6. T he material which did not bind to the column consisted mainly 
of a high-molecular weigh t glycoprotein (>500K), now called laminin 
(Timpl et ai, in preparation) . Finally, laminin was passed over a 
molecular sieve column composed of agarose A 1.5 m (Bio-Rad Labs.) 
equilibrated in 1 M CaCh, 0.05 M T ris-HCI, pH 7.4, where it emerged in 
the void volume of the column. T he laminin migrated as a single band 
in SDS disc electrophoresis and was, as judged by amino acid analysis, 
not contaminated by type IV collagen. 
Immunization and p urification of antibodies 
Rabbits were immunized with type IV collagen or laminin incorpo-
rated into complete Freund's adjuvant as outlined elsewhere [6]. T he 
antibodies were isolated from the sera by immunoadsorption on type 
IV collagen or laminin coupled to Sepharose 4B and subsequent elu tion 
with acidic buffer. T he absence of crossreactivity of anti-type IV and 
anti-laminin antibodies has been documented [10]. 
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Normal rabbit serum and purified rabbit antibodies to bovine type 
I co llagen [11] were a lso included in the study for control purposes. 
The specificity of these anti-type I antibodies in IIF tests has been 
documented previously [7]. 
Immunofluorescence Tests 
IIF tests were performed either on 4 /.L thick frozen, unfixed sections 
of human skin biopsies or on 5 paraffin sections of the murine material. 
The tests on human skin sections followed a standard protocol [12J. 
The paraffin sections were first dewaxed by standard histological pro-
cedures and were treated with 0.1% pronase in distilled water (Pronase 
type VII, Sigma Chemicals Corp., St. Louis, Mo.) for 30 min at 37° C 
in a humid chamber according to the recommendations of Denk, 
Radaszkiewicz, and Witt ing [13]). After a rinse for 15 min in phosphate 
buffered saline (PBS, pH 7.2) the sections were then processed for 
standard IIF tests. 
A commercially ava ilab le FITC-anti-rabbit Ig goat 7S globulin con-
jugate (Code No. F 2190 # 125, Dakopatts AIS, Copenhagen, Denmark) 
was used throughout these experiments. It had 16 standard precipita-
tion units and a molar fluorochrome (F I P) ratio of 2.6. Optimal working 
dilutions of rabbit antibodies to different types of collagen and procol-
lagen and of the conjugate were determined by chessboard titrations 
[1 2]. All readings were done by the same observer (GW) without 
knowledge of the pretreatment of the slides on a Leitz Orthoplan 
microscope equipped with a vertical Ploemopak illuminator. 
RESULTS 
The characteristic appearance of the lesioned skin of the 2 
patients with EPP and of protoporphYTic mice is examplified in 
Fig la and lb. The distribution of various collagens and laminin 
in the dermis of the patients was studied by using specific 
antibodies in IIF tests. In normal skin samples the antibodies 
to type IV collagen and to laminin bound to identical structures, 
viz. all BM, including the epithelial BM, the vascular BM, the 
BM around skin appendages and the BM around smooth mus-
cle fibeTs of the muscularis' propria (Fig 2a and 2b). This 
observation indicates a strong crossreaction between antigens 
purified from the mouse tumor matrix and components found 
in authentic human BM [5,6]. In EPP the thickened BM of 
dermal blood vessels showed a stTong fluorescence with both 
anti-type IV collagen and anti-laminin antibodies. As expected, 
this finding was especially conspicuous in the stratum papillare 
often resulting in meandering structures corresponding to the 
plexus of altered capillaries (Fig 2c and 2d) . Studies with 
antibodies to type I collagen showed a strong staining through-
out the whole dermis as found previously [7], but did not reveal 
any difference between the normal and diseased portions of the 
skin. 
Similar immunofluorescence studies were also carried out on 
skin sections of griseofulvin-treated mice which develop a his-
tological pattern of blood vessel changes resembling those in 
the human patients [8,9]. 
Since for the pTesent experiments skin from protoporphyric 
mice was only available in a conventionally formaldehyde fixed 
and paraffin embedded state, we first examined whether this 
processing has affected the reaction in lIF. Studies with fixed 
and embedded' sections of normal mouse skin showed the same 
BM-specific staining pattern with antibodies to type IV collagen 
(Fig 3a) as shown previously on unfixed mouse skin [5]. Here, 
again studies with skin specimens from protoporphyric mice 
showed the same brilliant fluorescence of the thickened vascu-
lar BM with antibodies to both type IV collagen and laminin as 
described above for the diseased human skin (Fig 3b). 
DISCUSSION 
It is known that the multiple concentric perivascular basal 
laminae in the skin of both patients with EPP and protopoT-
phYTic mice are a sequel of multiple endothelial regeneration 
processes following photodynamic destruction [9]. However, 
neither the BM of the normal microvascular system of the skin 
nor that found in EPP or murine photoporphyria have so far 
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FIG 1. a, Biopsy of the lesioned skin of patient No.1 with EPP. 
Massive hyaline PAS-positive deposits (arrows) around subepidermal 
blood vessels. The surrounding dermis appears unaltered (PAS stain) 
(X 200). b, Murine protoporphyria. Skin after 40 exposures to 410 nm 
light. Perivascular hyaline deposits (arrows) around subepidermal 
blood vessels and capillaries (PAS-strain) (x 2.500). 
been characterized by biochemical methods. This reflects the 
usual difficulties encountered in purifying BM from complex 
tissues. With the aid of specific antibodies it was shown in the 
present study that vascular BM contain components identical 
or closely related to type IV collagen and a large glycoprotein, 
laminin, both obtained from a mouse tumor BM. These anti-
bodies also react with BM structures in many other tissues in 
addition to skin [6] suggesting that their major structural 
proteins are similar. It was further observed that the increase 
of IF staining in skin sections of the patients and the protopor-
phyric mice closely correspond to the thickened vessel walls 
indicating that the newly deposited matrices comprise-at least 
in part-an antigenically normal rather than biochemically 
altered BM material. This may, however, not necessarily be the 
ca'se for other pathological BM. The cylindroma is, e.g., a 
benign human epithelial tumor which produces large amounts 
of a hyaline matrix surrounding the tumor cells [14]. Even 
though in the electron microscope the whole matrix shows the 
characteristic amorphous appearance of a BM, antibodies to 
type IV collagen react only with a zone close to the tumor cells 
leaving the central position unstained (G. Wick and R. Timpl, 
in preparation) . 
These two examples illustrate that specific antibodies to the 
major BM proteins are useful tools for the rapid screening of 
pathologically altered BM in the skin. 
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F IG 2. Indi1"ect immunoflu orescence on unfixed, 4 /l thick sections of uninvolved a nd lesioned skin of pa tient No.1 with EPP treated with 
rabbi t antibodies to mouse tumor type IV collagen or lam in in, followed by a FITC anti-rabbit IgG conjugate. a, Uninvolved skin. Fluorescence of 
epit h elia l EM (a r row ) and EM of vessels and a1"Ound appendages with anti-type IV collagen ant ibodies ( x 150). b, Same specimen as (a), but. 
us ing anti-laminin antibodies. Note similar reaction pattern (x 300). c, Altered skin of same patient as in (a ) tested with anti-type IV collagen 
antibodies. Note increased thickness of brightly fluorescent vascular EM in stratum papilla1"e ( x 150). d, Same biopsy as (a). bu t using ant i-
laminin antibodies (x 150). A rrows. Epithelia l EM. 
FIG 3. I.'1di1"ect immunofluorescence test on 4 !L t hick paraffin sections of normal (a ) and protoporphyric mouse ear skin (b) using the same 
antibody preparation and conjugate as in the tests shown in Fig 2. a, Fluorescence of all E M as in human skin. b , Thickened, flu orescent vascula r 
EM. A rrows: epithelia l EM ( X 150). 
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Announcement 
The 2nd International Conference of the European Society for Comparative Skin Biology will be held 
at the August Krogh Institute, University of Copenhagen August 25-28, 1980. Papers will be accepted on: 
skin structure and fun ction, transport and barrier function, dermo-epidermal interactions, proliferation, 
differentiation, and cuticular biology. 
Details of registration are available from Dr. P . E. Budtz, Zoophysiological Laboratory A, The August 
Krogh Institute, 13, Universitetsparken, DK-2100 Copenhagen 0, Denmark. 
